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RECEIVER FOR RECEIVING FREQUENCY SIGNALS USING DELTA-SIGMA MODULATORS 



The invention relates to a receiver for receiving frequency signals, to a system 
comprising a receiver for receiving frequency signals and a transmitter, to a 
modulating/filtering stage for use in a receiver, and to a method and to a processor program 
product for receiving frequency signals. 

5 The frequency signals for example comprise modulated radio frequency 

signals or modulated intermediate frequency signals etc. Examples of such a receiver are 
interfaces for wireless networks like Local Area Networks, Bluetooth interfaces and Digital 
European Cordless Telecommunication interfaces etc. Examples of such a system are Local 
Area Network terminals, Bluetooth terminals. Digital European Cordless Telecommunication 

10 terminals, mobile phones, audio/video terminals etc. 



A prior art receiver is known from US 2002/0123319 Al, which discloses in 
its Fig. 8 an antenna (801) and two branches each comprising a mixer (840), an analogue 

15 filter (870) serving as an anti-aliasing filter for the following analog-to-digital converter 

being a Nyquist AD converter, a DC control loop consisting of a DC error signal generation 
block (901) and a digital-to-analog converter (925), and a decimator (910), with only one of 
the branches being shown. For high rejecting of image frequencies, both branches require a 
high matching. The filtering of the fi:equency band in which the wanted channel is located 

20 cannot be done in the digital domain, unless the accuracy of the analog-to-digital converter in 
the Nyquist dc-cancellation loop is increased a lot (by introducing many extra bits for 
additional dynamic range required by signals on adjacent channels) and the sampling 
frequency of the analog-to-digital converter and the bandwidth of the anti-aliasing filter are 
much higher than the bandwidth of the transmitted signal. This increases the power 

25 dissipation. Further, the dc-cancellation loop does not shape the quantisation noise out of the 
frequency band in which the wanted channel is located. 

The known receiver is disadvantageous, inter alia, due to not shaping the 
quantisation noise out of the frequency band in which the wanted channel is located. 
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It is an object of the invention, inter alia, of providing a receiver, which shapes 
the quantisation noise out of the frequency band in which the wanted channel is located. 

Furthers objects of the invention are, inter alia, providing a system comprising 
5 a receiver which shapes the quantisation noise out of the frequency band in which the wanted 
channel is located and a transmitter, a modulating/filtering stage for use in a receiver which 
shapes quantisation noise out of the frequency band m which the wanted channel is located, 
and a method and a processor program product for receiving frequency signals while shaping 
the quantisation noise out of the frequency band in which the wanted channel is located. 
1 0 The receiver according to the invention comprises 

- a receiving stage for receiving frequency signals; 

- a mixing stage coupled to the receiving stage for generating converted 
frequency signals; 

- a modulating stage coupled to the mixing stage for delta-sigma modulating 
15 the converted frequency signals; and 

- a filtering stage coupled to the modulating stage for filtering the delta-sigma 
modulated converted frequency signals. 

By introducing the modulating stage between Ihe mixing stage and the 
filtering stage for delta-sigma modulating the converted frequency signals, the quantisation 

20 noise is shaped out of the firequency band in which the wanted channel is located. Further, 
with delta-sigma modulating being done through a feedback loop, the receiver according to 
the invention is less critical than receivers comprismg a Nyquist AD converter embedded in a 
dc-cancellation loop, due to these Nyquist AD converters being embedded in a dc- 
cancellation loop only feeding back dc-components of a signal and not feeding back the 

25 quantised signal. While delta-sigma modulating, dc-components are not fed back, but the 
quantised signal is fed back. The mixing stage converts frequency signals into converted 
frequency signals, with the frequency signals for example being radio frequency signals and 
with the converted frequency signals being intermediate frequency signals or baseband 
signals, or with the frequency signals for example being radio frequency signals or 

30 intermediate frequency signals and with the converted frequency signals being baseband 
signals etc. 

A first embodiment of the receiver according to the invention is defined by the 
modulating stage comprising a delta-sigma modulator, which comprises 

- a low-pass filter; 
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- a quantiser coupled to the low-pass filter; and 

- a digital-to-analog converter for feeding back an output of the quantiser to an 
input of the low-pass filter. 

The delta-sigma modulator for example fiirther comprises a subtractor for 
5 subtracting an output signal of the digital-to-analog converter from an input signal and 

generating an output signal to be supplied to the input of the low-pass filter. A sampler (the 
delta-sigma modulator requires a relatively high oversample factor) is either situated between 
the low-pass filter and the quantiser, or forms part of this quantiser. The quantiser and the 
digital-to-analog converter do not need to have the high accuracy of the Nyquist AD 

10 converter embedded in the dc-cancellation loop (by using only a low number of bits), which 
results in a low power dissipation. The matching specifications for the low-pass filter are 
much easier to achieve than for the anti-aliasing filter of the Nyquist AD converter concept. 
Since the filter is part of the loop, only difference signals have to be processed. Especially in 
case of the frequency band where the wanted signals are located, these differences are small. 

1 5 This simplifies dynamic range requirements within this frequency band making it a lot easier 
to achieve a higher matching between I and Q branch. Further, digital-to-analog converters 
are easier to be made than analog-to-digital converters. 

A second embodiment of the receiver according to the invention is defined by 
the low-pass filter comprising a time-continuous filter. As a result, any anti-aliasing filtering, 

20 as present in the Nyquist AD converter embedded in the dc-cancellation loop, no longer is 
necessary. This is an advantage due to anti-alias filters being difficult to match between 
different branches. 

A third embodiment of the receiver according to the invention is defined by 
the receiver further comprising 

25 - a further mixing stage coupled to the filtering stage for generating baseband 

signals; and 

- a further filtering stage coupled to the further mixing stage for channel 
selective filtering the baseband signals. 

In this case, the frequency signals are radio frequency signals, with the 
30 converted frequency signals being intermediate frequency signals. Preferably, the further 
filtering stage is a digital stage, and further preferably, the further mixing stage is also a 
digital stage. Compared to an analog version, a digital stage is easier to make and offers more 
options and does not depend on varying accuracies of analog components. 
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A fourth embodiment of the receiver according to the invention is defined by 
the mixing stage comprising a mixer, with the modulating stage comprising a delta-sigma 
modulator. This embodiment is of the lowest complexity. 

A fifth embodiment of the receiver according to the invention is defined by the 
5 mixing stage comprising a first mixer for generating in-phase signals and a second mixer for 
generating quadrature signals, with the modulating stage comprising a first delta-sigma 
modulator for delta-sigma modulating the in-phase signals and a second delta-sigma 
modulator for delta-sigma modulating the quadrature signals. This embodhnent allows the 
use of in-phase and quadrature signals. 
10 The system according to Ihe invention comprises a transmitter and comprises a 

receiver comprising 

- a receiving stage for receiving frequency signals; 

- a mixing stage coupled to the receiving stage for generating converted 
frequency signals; 

15 - a modulating stage coupled to the mixing stage for delta-sigma modulating 

the converted frequency signals; and 

- a filtering stage coupled to the modulating stage for filtering the delta-sigma 
modulated converted frequency signals. 

The transmitter for example comprises a mixing stage and an amplifying 

20 stage. 

The modulating/filtering stage for use in a receiver comprises 

- a receiving stage for receiving frequency signals; 

- a mixing stage coupled to the receiving stage for generating converted 
frequency signals; 

25 - the modulating/filtering stage comprising a modulating stage coupled to the 

mfacing stage for delta-sigma modulating the converted frequency signals and a filtering stage 
coupled to the modulating stage for filtering the delta-sigma modulated converted frequency 
signals. 

The filtering stage for example firstly reduces the bandwidth of the signal to 
30 be filtered to fs/(2K) through low-pass filtering, with the bandwidth being defined from 0 Hz 
to the maximum frequency of the signal, with fs being the sampling frequency of the 
modulating stage and with K being a decimation factor, before secondly the sampling rate of 
the signal is reduced by taking every Kth symbol. 
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Embodiments of the system according to the invention and of the 
modulating/filtering stage according to the invention and of the method according to the 
invention and of the processor program product according to the invention correspond with 
the embodiments of the receiver according to the invention. 
5 The invention is based upon an insight, inter alia, that a Nyquist AD converter 

embedded in a dc-cancellation loop does not shape the quantisation noise out of the 
frequency band in which the wanted channel is located, and is based upon a basic idea, inter 
alia, that a delta-sigma modulating stage shapes the quantisation noise out of the frequency 
band in which the wanted channel is located. 
10 The invention solves the problem, inter alia, of providing a receiver, which 

shapes the quantisation noise out of the frequency band in which the wanted channel is 
located, and is advantageous, inter alia, in that the receiver according to the invention is less 
critical. 

These and other aspects of tiie invention will be apparent from and elucidated 
15 with reference to the embodiments(s) described hereinafter. 

In the drawings: 

Fig. 1 shows in block diagram form a receiver according to the invention 
20 comprising a modulating/filtering stage according to the invention with one delta-sigma 
modulator; 

Fig. 2 shows in block diagram form a receiver according to the invention 
comprising a modulating/filtering stage according to the invention with two delta-sigma 
modulators for delta-sigma modulating in-phase and quadrature signals; 
25 Fig. 3 shows in block diagram form a delta-sigma modulator for use in a 

receiver according to the invention; 

Fig. 4 shows in block diagram form a system according to the invention 
comprising a receiver according to the invention and a transmitter; and 

Fig. 5 shows in block diagram form a part of the receiver according to the 
30 invention provided with a time-control loop. 

The receiver 1 according to the invention shown in Fig. 1 like for example an 
interface for wireless networks like Local Area Networks, a Bluetooth interface or a Digital 
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European Cordless Telecommunication interface etc. comprises a receiving stage 2 for 
receiving radio frequency signals via an antenna 9. A mixing stage 3 is coupled to the 
receiving stage 2 for generating intermediate jfrequency signals. A modulating stage 4 is 
coupled to the mixing stage 3 for delta-sigma modulating the intermediate frequency signals. 
5 A filtering stage 5 is coupled to the modulating stage 4 for filtering the delta-sigma 

modulated intermediate fi-equency signals. A further mixing stage 6 is coupled to the filtering 
stage 5 for generating baseband signals, and a further filtering stage 7 is coupled to the 
further mixing stage 6 for channel selective filtering the baseband signals. A transformation 
and processing stage 8 is coupled to the further filtering stage 7 and generates information 
10 symbols. 

The receiving stage 2 for example comprises an antenna filter and a low noise 
amplifier. The mixing stage 3 comprises a mixer 32 coupled to an oscillator 31 for example 
comprising a Voltage Controlled Oscillator and/or a Phase Locked Loop. The modulating 
stage 4 comprises a delta-sigma modulator 41. The filtering stage 5 for example comprises a 

15 decimator for reducing the bandwidth of Ihe signal to be filtered to fs/(2K), with fs bemg the 
sampling firequency of the modulating stage 4 and with K being a decimation factor, before 
the sampling rate of the signal is reduced by taking every Kth symbol. The further mixmg 
stage 6 comprises a mixer 62 coupled to an oscillator 61 for example comprising a Voltage 
Controlled Oscillator and/or a Phase Locked Loop. The further filtering stage 7 comprises a 

20 channel selective filter 71 . The transformation and processing stage 8 for example comprises 
a transformator and a non-coherent receiving unit comprising a differentiator and an 
equaliser. Modulating stage 4 and filtering stage 5 together form a modulating/filtering stage 
10. 

The receiver 1 1 according to the invention shown in Fig. 2 like for example an 
25 interface for wireless networks like Local Area Networks, a Bluetooth interface or a Digital 
European Cordless Telecommunication interface etc. comprises a receiving stage 12 for 
receiving radio frequency signals via an antenna 19. A mixing stage 13 is coupled to the 
receiving stage 12 for generating intermediate frequency signals. A modulating stage 14 is 
coupled to the mixing stage 13 for delta-sigma modulating the intermediate frequency 
30 signals. A filtering stage 15 is coupled to the modulating stage 14 for filtering the delta-sigma 
modulated intermediate frequency signals. A further mixing stage 16 is coupled to the 
filtering stage 15 for generating baseband signals, and a further filtering stage 17 is coupled 
to the further mixing stage 16 for channel selective filtering the baseband signals. A 
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transformation and processing stage 18 is coupled to the further filtering stage 17 and 
generates information symbols. 

The receiving stage 12 for example comprises an antenna filter and a low 
noise amplifier. The mixing stage 13 comprises a first mixer 34 for generatmg in-phase 

5 signals and a second mixer 35 for generating quadrature signals both coupled to an oscillator 
33 for example comprising a Voltage Controlled Oscillator and/or a Phase Locked Loop. The 
modulating stage 14 comprises a first delta-sigma modulator 42 coupled to first mixer 34 for 
delta-sigma modulating the in-phase signals and a second delta-sigma modulator 43 coupled 
to a second mixer 35 for delta-sigma modulating the quadrature signals. The filtering stage 

10 15 for example comprises decimators for reducing the bandwidth of the signal to be filtered 
to fs/(2K), with fs being the sampling fi?equency of the modulating stage 14 and with K being 
a decimation factor, before the sampling rate of the signal is reduced by taking every Kth 
symbol. The further mixing stage 16 comprises a first mixer 64 and a second mixer 65 both 
coupled to an oscillator 63 for example comprising a Voltage Controlled Oscillator and/or a 

15 Phase Locked Loop. The further filtering stage 17 comprises a first channel selective filter 72 
coupled to first mixer 64 and a second channel selective filter 73 coupled to second mixer 65. 
The transformation and processing stage 8 for example comprises a transformator and a non- 
coherent Gaussian Frequency Shift Keying receiving unit comprising a differentiator and an 
equaliser, or a Phase Shift Keying or Quadrature Amplitude Modulation demodulating unit, 

20 or a coherent Gaussian Minimum Shift Keymg demodulating unit. Modulating stage 14 and 
filtering stage 15 together form a modulating/filtering stage 20. 

By introducing the modulating stage 4,14 between the mixing stage 3,13 and 
the filtering stage 5,15 for delta-sigma modulating the intermediate frequency signals, the 
quantisation noise is shaped out of the firequency band in which the wanted channel is 

25 located. Due to delta-sigma modulating being done through a feedback loop, the receiver 
1,1 1 is less critical than prior art receivers comprising Nyquist dc-cancellation loops as 
defined in US 2002/0123319 Al, due to these Nyquist dc-cancellation loops only feeding 
back dc-components of a signal and not feeding back the entire signal. While delta-sigma 
modulating, dc-components are not fed back, but the entire signal is fed back. Alternatively 

30 to applying two mixing stages 3,6,13,16, one mixing stage comprising both mixing stages or 
just one of them may be applied. Preferably, the further filtering stage 7,17 is a digital stage, 
and further preferably, the further mbcing stage 6,16 is also a digital stage. Automatic gain 
control (not shown) can now also be done in the digital domain advantageously. 
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The delta-sigma modulating stage 90 shown in Fig. 3 corresponds with the 
delta-sigma modulators 41,42,43 shown in Fig. 1 and 2 and comprises a low-pass filter 91, a 
quantiser 92 coupled to the low-pass filter 91 via a sampler 94 with a sampling frequency fe, 
and a digital-to-analog converter 93 for feeding back an output of the quantiser 92 to an input 
5 of the low-pass filter 91 via a subtracter 95. The subtracter 95 subtracts an output signal of 
the digital-to-analog converter 93 from an input signal originating fix)m a mixer 32,34,35 and 
generates an output signal to be supplied to the input of the low-pass filter 91. The sampler 
94 (the delta-sigma modulator 90 requires a relatively high oversample factor) may 
alternatively form part of the quantiser 92. The quantiser 92 and the digital-to-analog 

1 0 converter 93 do not need to have the high accuracy of the analog-to-digital converter in the 
prior art Nyquist AD converter embedded in a dc-cancellation loop (by using only a low 
number of bits), which results in a low power dissipation. 

Preferably, tiie low-pass filter 91 comprises a time-continuous filter. As a 
result, any anti-aliasing filtering, as present in the prior art Nyquist AD converter embedded 

15 in tiie dc-cancellalion loop, no longer is necessary. This is an advantage due to anti-aliasing 
filters being difficult to match due to higher dynamic range requirements. 

The system 100 according to the invention like for example a Local Area 
Network terminal, a Bluetooth termmal, a Digital European Cordless Telecommunication 
terminal, a mobile phone, an audio/video terminal ete. comprises a transmitter 101 and a 

20 receiver 1 (or 1 1). An antenna 9 (or 19) is coupled to an in/output of a duplexer 102, of which 
an output is coupled to receiver 1 and of which an input is coupled to transmitter 101. An 
ou^ut of receiver 1 is coupled to an input of a man-machine-interface 1 04 or mmi 1 04, and 
an input of transmitter 101 is coupled to an output of mmi 104. A processor 103 is coupled to 
receiver 1, transmitter 101, duplexer 102 and mmi 104 for controlling purposes. 

25 Alternatively, instead of duplexer 102, a switch etc. may be used. Further alternatively, 

receiver 1 and transmitter 101 may use their own individual antenna, without a duplexer 102 
or a switch being present. Mmi 104 for example comprises a display and/or a keyboard 
and/or a loudspeaker and/or a microphone etc. 

The part of the receiver 1 (or 1 1) according to the invention shown in Fig. 5 

30 comprises the filtering stage 5 (or 1 5) and the further mixing stage 6 or (1 6) and the further 
filtering stage 7 (or 17) and the transformation and processing stage 8 (or 18). The part of the 
receiver 1 (or 1 1) is provided with a detector 21 for firstly detecting a zero-crossing and for 
secondly detecting a sampling instant error, and is provided with a time-control loop 22;23 
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comprising a loop filter 22 coupled to an output of the detector 21 and a quantiser 23 coupled 
to an ou^ut of the loop filter 22 and to an input of the filtering stage 5 (or 15). 

The filtering stage 5 (or 15) comprises a low-pass filter 51 for filtering an 
output signal generated by modulating stage 4 (or 14) and a decimator 52 controlled by an 
5 output signal generated by the quantiser 23 for decimating an output signal generated by low- 
pass filter 51 . Only one combination 51,52 is shown, possibly there may be two or more. The 
loop filter 22 comprises an adder 201 of which a first input constitutes an input of the loop 
filter 22 and of which an output is coupled to an input of a z'' block 202, of which an output 
is coupled to a second input of the adder 201 and to an input of a gain block 203, of which an 

1 0 ou^ut constitutes the output of the loop filter 22. 

In case of the Gaussian Frequency Shift Keying situation, the transformation 
and processing stage 8 (or 18) calculates a phase and a derivative of the phase of an incoming 
signal generated by the fiirther filtering stage 7 (or 17) and optionally performs an 
equalisation. The detector 21 detects zero-crossmgs and sampling instant errors in the ou^ut 

1 5 signal generated by the transformation and processing stage 8 (or 1 8). Loop filter 22 averages 
these sampling instant errors. Thereto, the transfer fimction of loop filter 22 is H(z) = g • z/(z- 
1), with g being a gain generated by gain block 203. This gain g must be such that the time- 
control loop is stable and converging. Preferably, the gain g is adjusted such that for rough 
estimations the gain g has a larger value (fast but less accurate loop) and for more precise 

20 estimations the gain g has a smaller value (slow but more accurate loop). The quantiser 23 
quantises an ou^ut signal of the loop filter 22 into a value in a range fix>m one to K, where 
one corresponds with a sampling error of -T/(2K) and K corresponds with a sampling error of 
T(0.5-l/K). If tiie output signal of the loop filter 22 is above T(0.5-l/K) or below of -T/(2K), 
the quantiser 23 must wrap around instead of clipping (in case of wrapping around, when 

25 exceedmg the maximum value, the quantiser continues with the mimimum value, and vice 
versa). TTie decimator 52 for example comprises a multiplexer having K inputs receiving 
subsequent samples of the output signal generated by low-pass filter 51. These samples are 
1/fs separated from each other (sampling frequency fs). hi response to the output signal 
generated by the quantiser 23 and having a value of 1 . ...K, the corresponding input of the 

30 multiplexer is selected and coupled to the output of the muhiplexer, resulting in an output 
signal at a frequency fs/K. Due to the high time resolution available at the sigma delta 
modulator output, with the time-control loop 22,23 an optimum sampling instant can be 
tracked digitally witiiout complex additional hardware for interpolation between samples 
being necessary. 
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Other filtering stages 5 (or 15) comprising for example a low-pass filter, a 
decimator and another low-pass filter are not to be excluded. In case of another situation like 
the Phase Shift Keying situation or the Quadrature Amplitude Modulation situation of the 
Gaussian Minimum Shift Keying situation, the content of the transformation and processing 
5 stage 8 (or 1 8) may vary without departing from the scope of this invention. 

The expression "for" in for example "for A" and "for B" does not exclude that 
other functions "for C" are performed as well, simultaneously or not. The expressions "X 
coupled to Y" and "a coupling between X and Y" and "coupling/couples X and Y" etc. do 
not exclude that an element Z is in between X and Y. The expressions "P comprises Q" and 

1 0 "P comprising Q" etc. do not exclude that an element R is comprised/included as well. 

It should be noted that the above-mentioned embodiments illustrate ratiier than 
limit the invention, and that those skilled in the art will be able to design many alternative 
embodiments without departing from the scope of the appended claims. In the claims, any 
reference signs placed between parentheses shall not be construed as limiting the claim. Use 

15 of the verb "to comprise" and its conjugations does not exclude the presence of elements or 
steps other than those stated in a claim. The article "a" or "an" preceding an element does not 
exclude the presence of a plurality of such elements. The invention may be implemented by 
means of hardware comprismg several distinct elements, and by means of a suitably 
programmed computer. In the device claim emmierating several means, several of tfiese 

20 means may be embodied by one and the same item of hardware. The mere fact that certain 
measures are recited in mutually different dependent claims does not indicate that a 
combination of these measures caimot be used to advantage. 

The invention is based upon an insight, inter alia, that Nyquist dc-cancellation 
loops do to not shape the quantisation noise out of the frequency band in which the wanted 

25 channel is located, and is based upon a basic idea, inter alia, that a delta-sigma modulating 
stage shapes the quantisation noise out of the frequency band in which the wanted channel is 
located. 

The invention solves the problem, inter alia, of providing a receiver, which 
shapes the quantisation noise out of the frequency band in which the wanted channel is 
30 located, and is advantageous, inter alia, in that the receiver according to the invention is less 
critical. 



